While LHC is getting ready for collisions, ATLAS is studying upgrades solutions necessary to cope with the scenarios of a three-fold increase in the collision rate, 3⋅10 34 cm -2 s -1 , for phase-1 upgrade and of a ten-fold increase for the Super-LHC upgrade.
1.LHC plans: phase-1 and phase-2
The program of repairs and safety measures for LHC is nearly completed, and the collider is expected to deliver beams before the end of 2009, and to continue in 2010 with a long run at a c.m. energy of 7 GeV and luminosity up to ~1⋅10 32 cm -2 s -1 , for an integrated value of ~100 pb -1 .
The road to high luminosity requires new beam elements, including the final-focusing triplets, and will benefit from the new Linac-4, currently under construction. The completion of this program defines the phase-1 upgrade, which will be achieved after a shut-down currently scheduled for 2013-2014, and will allow a peak luminosity of 3⋅10 34 • Interaction region components might be placed closer to the interaction points, requiring changes in the detectors and shielding configurations.
• The bunch spacing might be changed from 25 to 50 ns (the option of 12.5 ns is currently discarded for beams related reasons).
• The machine cycle and the luminosity variation during a fill will depend on the choice made for the design of the interaction regions. The different options include schemes with ~ 300 or ~ 400 interactions per crossing at peak luminosity.
2.ATLAS upgrades: phase-1
The ATLAS detector was designed for the original LHC peak luminosity of 1⋅10 34 cm -2 s -1 , and studies have been undertaken on order to understand whether all subsystems would perform optimally with the three-fold luminosity increase expected for phase-1.
In particular, the performance of the innermost layer of the tracking system, part of the Pixel system, is expected to start degrading beyond 1⋅10 34 cm -2 s -1 and ~700 pb-1 of peak and integrated luminosity, respectively. Both parameters will be exceeded in the phase-1 of LHC, and a program is underway for the installation of a new innermost pixel layer, the Insertable BLayer (IBL). The inner radius of the new detector will be at about 3.2 cm from the beam axis [2] . Different options are still being considered for the sensors, including planar-silicon, for which studies are under way for application in the more demanding regime of phase-2, and novel 3-D sensors [3] .
3.ATLAS upgrades: phase-2
The challenges of operating a detector in a hadron collider at a luminosity of about 1⋅10 35 cm -2 s -1 are of a different nature, including the performance and the stability of the various subdetectors, the performance of the trigger system and the data acquisition capability. Some main areas of study are discussed in the following sections.
New inner tracking detector
ATLAS has been built with an inner tracking system formed by three layers of Silicon pixel detector, four double layers of silicon strip detectors, and a Transition Radiation Detector with thin tubes providing tracking and particle identification with ~ 36 hits per track.
The SuperLHC upgrade poses tight constraints on the new inner tracker (e.g.: on the innermost B-Layer we expect ~ 0.9 GHz cm -2 particle rate and a fluence of ~ 3.4⋅10 16 cm -2 -or 2.0⋅10 16 n eq cm -2 -for a run of 3000 fb -1 ). A design entirely based on silicon sensors is under development. The current baseline design includes four layers of pixel detectors and five double layers of silicon strips, with an acceptance extending to |η| < 2.5. Different sensor options are been considered, including planar and 3D Silicon sensors, Diamond sensors and gas-pixel detectors (the Gossip R&D project [4] , that adds a silicon pixel anode/read-out plane to a micromegas chamber detector).
Calorimeters
In general, the electromagnetic and hadronic calorimeters of ATLAS are expected to stand the rates of SuperLHC without loss of performance. The only concern is for the forward calorimeter, a liquid Argon detector covering 3.1 < |η| < 4.9, which will suffer from the rate because of build-up of space charge from positive ions, and power dissipation (stability against boiling). Two upgrade options are being considered: a) replacement with a detector with a modified geometry of the ionization cell, or b) insertion of an additional warm calorimeter in the space available upstream of the existing forward calorimeter. The latter option would presumably be based on a copper/tungsten -diamond sampling design, and has the advantage of not requiring opening the cryostat that contains the forward and end-cap calorimeters.
In addition, the upgrade of the calorimeters read-out electronics is being considered, in order to increase its radiation hardness, the bandwidth and the triggering capabilities.
4.The Muon spectrometer
The background rate in the Muon chambers is dominated by photons and neutrons in the energy range of 0.1 to a few MeV. At 1⋅10 34 cm -2 s -1 the interaction rate in the Muon chambers is estimated in the range of ~ 10 to ~ 400 Hz cm -2 . The estimate suffers from uncertainties in the model and from the large energy dependence of the interaction cross section, and the system has been designed with a safety factor of 5 in the hit rate. The extent of the upgrade required for running at ~ 1⋅10 35 cm -2 s -1 will become clear only with the first run of LHC, but it is very likely that at least the inner station of the end-cap spectrometer will require upgrades in order to increase the range of sustainable particle rate, to reduce the read-out bandwidth, and possibly to improve the performance of the Muon Level-1 trigger. Several technologies are being considered for the upgrades of the Muon chambers. Besides the upgrade for phase-2, an upgrade for phase-1 is also being considered, which would be limited to addition of a detector in the inner end-cap station, in order to increase the tracking ability in region 2 < |η| < 2.7 . The different technologies under study are presented in the following sections.
Small-tube precision chambers
The Monitored Drift Tube chambers are used as precision chambers in all stations of the Muon spectrometer. They are formed by aluminium drift tubes, 30 mm diameter, operated at 3 bar with an Ar-CO 2 gas mixture. A chamber, formed by 6 or 8 layers of tubes, is expected to measure a track with an accuracy of about 50 µm. A detector based on small-tubes with 15 mm diameter [5] has been proposed for the upgrade of the Muon spectrometer. Compared to the current design, the smaller radius tubes would have a channel occupancy reduced by a factor 1/2, the charge collection time reduced by a factor 1/3 (due to higher drift velocity near the anode), and the effects of space charge (positive ions) reduced by a factor of about 1/8.
Upgraded TGCs
Thin Gap Chambers are used in the end-cap spectrometer for triggering and for providing tracking also in the 2 nd (non-bending) coordinate. An upgraded version of this technology [6] can provide: a) precision tracking by analogue read-out of strips orthogonal to the anode wires; b) second coordinate by grouping of anode wires or pad read-out; c) higher rate capability by reduced surface resistivity (10-20 kOhm/square). In addition, the upgraded TGC might be used as triggering devices, as in the current spectrometer.
Micromegas
Micromegas chambers are suited for tracking at high rate, and their resolution in both coordinates can be optimized with proper pitch and segmentation of the read-out strips. The ATLAS R&D effort [7] focuses on: a) optimization of the performance for tracks with incidence angle between 90 and 45 degrees; b) the development of construction methods for relatively large detectors (~ 1·1 m 2 ) ; c) the use of a gas mixture that would facilitate the integration in the ATLAS Muon spectrometer (such as Ar-CO 2 mixtures).
